For people, plants can seem like aliens. Movements are typically slow, and many consider plants "slow and low life \[sLow life\]" (Hangarter, [@B10]). Their appearance and behavior are so different from ourselves that we are in awe when we learn that many of the central functions of plants and humans are encoded by highly conserved genes. For example at the core of metabolism, hexokinase, the enzyme that phosphorylates incoming glucose, and many of the proteins that transport glucose look strikingly similar. This similarity goes yet deeper, as hexokinase has two distinct functions both as an enzyme and as a sensor ("sensyme"), a duality that appears to be conserved from plants to fungi to animals (Frommer et al., [@B6]). In a second example, the identification of the first higher plant ammonium transporter allowed a function to be assigned for the first time to an important human locus -- the Rhesus factor (Ninnemann et al., [@B23]; Marini et al., [@B21]). One of the most recent and striking examples of functional similarities was the finding that both plants and animals use carbonic anhydrase to sense carbon dioxide -- in humans permitting champagne bubbles to be tasted, and in plants crucial for control over the gas exchange with the atmosphere (Frommer, [@B7]). McGary et al. ([@B22]) found that plants and people share at least 48 functional modules; sets of genes that act in common to produce a phenotype. Many of these are disease-related. "There was a lot of screaming in the halls for that one \[sic what was conceived as unexpected similarity\]" as Edward Marcotte, a cancer researcher at the University of Texas, stated in the New York Times (Zimmer, [@B30]). This "deep homology" in functional networks, identified through the use of large datasets from the TAIR Arabidopsis database ([www.arabidopsis.org/](www.arabidopsis.org/)) argues strongly that research in plants can not only unravel the secrets of plants, but can guide research in metazoan organisms. It is apparently a consequence of evolution, where much remains to be learned about the first ancestors of multicellular green organisms and the mechanisms that had to evolve to allow for efficient photosynthesis, gas exchange, efficient mining of mineral nutrients and multicellularity.

While most animals are motile and can move to new locations to acclimate to a changing environment, most plants will live their lives at the site of their "cradle," i.e., where the seed germinated. This adaptation has resulted in an extraordinary plasticity for acclimation to changing environments. For example trees in Siberia experience exceptionally low temperatures during winter from which they cannot escape. How is the survival of trees for decades possible in such conditions? Perhaps even more surprising is how plants can survive for many years in one spot while acquiring the right amounts of all mineral nutrients from the soil, a seeming conundrum since acquisition of either too little or too much of a given nutrient will cause damage and eventually death. This becomes a special mystery if we consider that some plants, such as *Pinus longaeva* survive for up to 5000 years at the site of "birth." How do they manage to mine the soil in their local environment so effectively over such a long life? The extreme lifespan of this and other plants species, such as *Sequoia* raises a further question, namely how have they fended off pathogens and diseases over such a long period without a "*metazoan style*" immune system?

Another major difference to humans is that plants do not share a classical neuronal system (Alpi et al., [@B1]). While plants are probably not intelligent, as had been suggested by the Nobel prize winner Maurice Maeterlinck at the turn of the 19th century (Maeterlinck, [@B19]), they must have evolved complex decision mechanisms and computational capabilities as well as unique tools and functions to be able to live as individuals under extreme conditions over long periods of time. The extraordinary capability to mine for nutrients requires, besides local computation, e.g., in the root, also integration of information across the whole plant, with communication along the vascular system, an area still marginally understood. Whether there are more fundamental differences in the physiology of animals and plants remains to be seen.

So what are the grand opportunities and challenges in plant physiology? We can look at this from two perspectives: the grand opportunities for biological discovery and the grand challenges posed by the status of our planet, i.e., the explosive growth of the human population and its consequences, the food and climate crises. While research in plant physiology can contribute to our overall understanding of biology due to the high conservation of mechanisms and modules across organisms, there are many plant-specific functions not conserved in animals. The most obvious is photosynthesis, of which much remains to be discovered especially regarding the regulation of this dangerous play with radicals. Another major challenge concerns the nature of plasmodesmata (Lucas et al., [@B18]), the unique cell--cell bridges connecting plant cells. It is still a mystery how plasmodesmata work, how they evolved, what they traffic or how they are controlled. In fact, we still lack knowledge of their basic components or the mechanisms required to coordinate "drilling" activities from two adjacent cells when plasmodesmata are formed secondarily (Kollmann and Glockmann, [@B15]). Also, the plant cell wall, synthesized by hundreds of enzymes and its three-dimensional structure is still not understood (Somerville, [@B25]), neither from a standpoint of structure nor function, e.g., in defense (Hematy et al., [@B12]). Plants are masters in chemistry, -- they have been known for a long time to produce an immense variety of compounds using extensive networks of specialized metabolism (DellaPenna and Last, [@B4]). These compounds probably play a major role in interactions with herbivores and pathogens, e.g., the generation of volatiles to fend off foes and to attract helpers (Pichersky et al., [@B24]; Unsicker et al., [@B27]). Such systems are being used in Africa to protect corn against corn borers and witchweed (Striga) infection (Hassanali et al., [@B11]). This list of mysteries can be continued, however here, the examples presented above should suffice to highlight the scientific excitement and potential as well as the urgent need for future research in the field of plant function (physiology).

One of the most exciting frontiers in plant physiology is the extensive network of plant roots and their interaction with the soil (rhizosphere). To be able to survive in one spot, plants must be *Senseis*, Masters in the art of mining for minerals. They must have efficient recognition systems to detect gradients in nutrients and measure both internal and external levels continuously. To be able to mine the soil efficiently, roots must process many kinds of information, such as location of mineral nutrients in their immediate environment, the availability of carbohydrates supplied by the shoot, the direction of light, gravity, oxygen and redox gradients, pH, and osmotic conditions etc (Vitha et al., [@B28]). The interplay of this myriad of cues regulates root chemotaxis, architecture, and function, i.e., the activity of transporters and metabolic pathways in the root. Drew ([@B5]) demonstrated the localized effect of a variety of individual nutrients on root architecture. Today we do not know much more beyond the fact that plants respond to local nutrient levels, and still need to discover the root sensors (apart from the recent identification of a nitrate transceptor, Ho et al., [@B13]), the signaling networks and the computational processes involved in prioritization of cues (Drew, [@B5]).

Another frontier in this context is the interface of the plant and soil microbes (Bisseling et al., [@B2]), probably of similar importance for plants as the indigenous microbiota of humans (Todar, [@B26]). Mycorrhiza and Rhizobia are well known symbionts of plants; we know less about the many microbes, the dynamics of their populations and their contribution to the physiology of plants.

New research frontiers are currently being opened by novel technologies. New tools, i.e., the metagenomic analysis of the rhizosphere promises new insights into whether and how the soil microbiota contribute to nutrient mining and pathogen defense. Confocal microscopy now allows us to observe individual protein complexes moving in the cell, thereby creating a new field of microscopic enzymology (Gutierrez et al., [@B9]). Light microscopy has broken Abbe\'s law, providing resolution of biological structures down to almost the molecular scale (Huang, [@B14]). Signaling molecules, signaling processes, ions, and metabolites as well as their fluxes can be determined with subcellular resolution in real time (Frommer et al., [@B8]). Using these tools, we are now in a position to analyze processes such as chemotaxis in plant roots with subcellular precision, which will provide us with a whole new understanding of root growth, development and mining activity. Microfluidic devices and novel "root/soil observatories" in conjunction with genetic approaches are expected to have major impact on how we will analyze plant environment interactions (Maier et al., [@B20]).

From a genomics perspective, a major challenge is the assignment of functions to genes. Due to limited funding, no function has yet been assigned to the majority of plant genes. We thus need a surge in support and in large-scale post-genome projects, such as proteomics, associomics, and metabolomics, combined with bioinformatic approaches that can identify candidate functions based on guilt by association (Lee et al., [@B16]). More and more large-scale datasets are becoming available, such as protein interaction networks and phosphoproteomic information and many remain to be performed, such as maps of subcellular localization of proteins. The ultimate challenge will be to assemble the "parts" and their interactions into networks, to create models of the cellular and organismal processes and to use these network models to predict behavior under new challenges or the results of engineering. The integration of these data, as promised by Systems Biology, will be a major step towards Synthetic Biology.

In addition, there are practical grand challenges; many of which have remained the same over decades. How can we optimize photosynthesis (Long et al., [@B17]; Zhu et al., [@B29])? Increase crop yields? Improve nutrient and water use efficiency? Increase tolerance to abiotic stresses? Increase resistance of plants to herbivores pathogens? Transfer N~2~-fixation into non-legume plants? A century ago, the photosynthesis researcher Giacomo Ciamician framed a vision for the future that relies on plants ("The Photochemistry of the Future"), this vision presents as grand an opportunity and a challenge today as it did a century ago (Ciamician, [@B3]).
